The posi tion of the category boundary along a synthetic [J J-[ sJ noise continuum depends on the following vocalic segment: When the vowel is [u], more "s" responses are given than when the vowel is [aJ.
INTRODUCTION
When synthetic fricative noises from a [J]-[s] continuum are followed by [a] or [u] (with appropriate formant transitions), listeners perceive more instances of [sJ in the context of [u] than in the context of [a] (Kunisaki & Fujisaki, Note 1).
Presumably, this reflects a perceptual adjustment for the coarticulatory effect that rounded vowels have on preceding fricatives (through anticipatory lip rounding).
In a recent investigation (Mann & Repp, 1979a) , we replicated the basic perceptual effect and collected acoustic data from one speaker to corroborate the presence of an analogous coarticulatory effect in production.
We also found that varying the duration of the fricative noise leaves the perceptual effect unchanged, whereas insertion of a silent interval following the noise leads to a substantial reduction of the contextual dependency. We further tried to determine whether it is mere temporal separation or the perception of an intervening stop consonant (caused by the silent interval inserted) that is responsible for this reduction. The results suggested temporal separation as the primary factor, which agrees with recent, analogous observations on anticipatory lip rounding (Bell-Berti & Harris, 1979 ).
In the present paper, we continue our investigations of the of vocalic context on fricative perception (often referred to in the following as the "vowel contex t effect n) • Whereas, in the ear I ier paper (Mann & Repp, 1979a) , we were concerned primaril y wi th temporal factors (duration of the fricative noise and duration of a silent interval following the noise), the studies to be reported here focused on spectral properties of the stimuli, particularly on the role played by the vocalic formant transitions.
In Experiment I, we examined whether total elimination of vocalic formant transitions reduces the vowel context effect. In Experiment II, we dissociated effects on fricative perception due to vowel quality per se from effects due to the vocalic formant transitions, and we tested whether these two effects are differentially reduced by temporal separation of fricative noise and vocalic portion. In addition, each experiment deal t wi th a side issue: Experiment I, with the influence of a preceding vowel on fricative perception; Experiment II--a study using natural speech--wi th perceptual normal ization induced by a difference in speaker.
EXPERIMENT I
In this study, we addressed the question of whether vocalic formant transitions must be present for a vowel to affect the perception of a preceding fricative. Since all our previous stimuli had contained formant transitions, the presumed effect of vowel context was confounded with whatever effect the transi tions themselves might have had on fricative perception. Removal of formant transitions seemed one way of getting rid of this confounding and of assessing the contextual effect due to vowel quali ty per see A second question was that of the temporal order of fricative and vowel. This issue has been partially investigated in two earlier studies. Hasegawa and Daniloff (Note 2) synthesized a continuum of fricative noises ranging from [fJ to [s] and preceded these stimuli with either [iJ or [uJ. They found a reliable difference in the [5J- [s] boundary between the two vocalic contexts. In contrast, Kunisaki and Fuj isaki (Note 1), who embedded fricative noi ses between two vowels, found only a rather small (nonsignificant?) influence of the preceding vowel ([e,i ,u ,0,aJ) .
In the present study, we compared the context effects of preceding and following (transitionless) vowels, separately and in concert.
Method
Subjects. The subjects included nine paid volunteers recruited from Yale University, a research assistant, and the two investigators. All had previously participated in Experiment I of Mann and Repp (1979a) .
Stimuli. The stimulus materials were highly similar to those employed in Experiment I of Mann and Repp (1979a) , and the reader is referred to that earlier paper for details. The primary stimuli were nine synthetic fricative noises that formed a [J [s] continuum. Their duration was 150 msec. There were five conditions:
(1) Isolated fricative noises, presented in five randomized blocks of 21 stimuli with ISIs of 2.5 sec. (The number 21 resulted from a 1-2-3-3-3-3-3-2-1 frequency distribution of the nine stimuli on the continuum.) (2) The same noises immediately followed by either eta] or [tu], i.e., synthetic vocal ic portions containing formant transi tions roughl y appropriate for a dental-alveolar place of articulation (and perceived as beginning wi th "d" in isolation). Because of the absence of a preceding silent interval, the vocalic formant transitions did not give rise to stop percepts; therefore, the vocalic context in this condition will be represented as [(t)a] and [(t)u]. Subjects heard [fa] , [ju] , [sa], or [su] . There were five blocks of 42 stimuli.
(3) The fricative noises followed by either [a] or [u] , which were steadystate vowels obtained by straightening all formant transitions in eta] and [tu] . Otherwise, this condition was identical to condition 2. (4) The fricative noises preceded by either [a] or [u] . The initial vocalic portion was 150 msec in duration, with initial and final amplitude ramps but no formant transitions. Otherwise, this condition was identical to conditions 2 and 3. (5) The fricative noises preceded and followed by either [a] or [u] without formant transitions. Thus, there were four combinations of vocalic contex t:
[a-a], [a-u] , [u-a] , and [u-u] . This doubled the number of stimuli; they were presented in 5 blocks of 84.
Procedure. All subjects listened to the condi tions in the same fixed order. The task was to identify the fricative consonant as "sh" or "s".
Results
The resul ts are depicted in Figure 1 as the percentage of "sh" responses given to each stimulus along the fricative noise continuum. Figure 1a shows that condi tion 2 successfully repl icated the basic contex t effect of the following vowel on perception of the fricative noise: There were fewer "sh" responses (hence, more "s" responses) in [-(t)u] context than in [-(t)a] context, F(1,11) = 51.7, p < .0001. As in our earlier study (Mann & Repp, 1979a : Exp. I), the effect-was almost exclusively due to [-(t)u]. Perception of fricative noises in [( t) a] context was similar to their perception in isolation (condition 1, dotted function in Figure 1a ). This asymmetry is in agreement with our interpretation of the context effect as reflecting perceptual compensation for effects of anticipatory lip rounding in production; such lip rounding, of course, is associated with [u] but not with [a] . Figure 1b shows what happened when the vocal ic formant transi tions were removed (condition 3). The context effect practically disappeared and was no longer significant.
Curiously, however, the subjects gave fewer "sh" responses to noises followed by either vowel than to the noises in isolation. 
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In isolation 100 VF, -TRANS. Figure lc shows that the context effect due to a preceding vowel (condition 4) was small, although it reached significance, F(l,ll) 6.6, E < .05. SUbjects gave somewhat more "sh" responses to noises preceded by [a] than to noises preceded by [u] . However, the combined effects of preceding and following vowels (condition 5, Figure ld ) fell short of significance In conditions 4 and 5, as in condition 3, there was a reduction in "sh" responses relative to the baseline rate for isolated noises. 1 The reason for this shift in response criteria is not known.
Di
Why did removal of the formant transitions from a following vowel eliminate its effect on the fricative? There are two possible answers: (1) The transitions held the fricative noise and the periodic portion together and in this way mediated the effect of the vowel on the fricative.
(2) Alternatively, the transitions themselves, rather than the steady-state vowel portions, were the source of the context effect.
There is phenomenological evidence in support of the first explanation. El imination of the formant transi tions resul ted in a less coherent stimulus percept.
In the authors' perception, the fricative noise seemed to be segregated from the vocalic portion and to come from a different source Thus, the pat tern sounded less speechl ike, which may al so be the reason why fricatives followed by steady-state vowels show no right-ear advantage in dichotic presentation (Darwin, 1971 ). According to this interpretation, the aperiodic and periodic portions of the stimulus must be perceptually coherent for a contex t effect to arise.
Appropriate formant transi tions seem to establ ish aud i tory ( and perceived articulatory) continui ty between fricative noise and vocalic portion in the same way that they make successive vowels hang together (Dorman, Cutting, & Raphael, 1975) . The disappearance of the context effect in transitionless fricative-vowel stimuli is in agreement with the similar absence of perceptual interactions between stimuli with different apparent sources due to different fundamental frequencies (Ades, 1977; Darwin & Bethell-Fox, 1977; Dorman, Raphael, & Liberman, 1979) .
In contrast to following transitionless vowels, preceding transitionless vowels seemed to exert a small effect on fri~ative perception.
It is interesting to note, in that connection, that the perceptual coherence of vowel-fricative stimuli was much less disrupted by the absence of formant transitions than the perceptual coherence of fricative-vowel stimUli, perhaps because transitions preceding fricatives are less extensive in natural speech or less salient in perception than transitions following fricatives.
(Note the similar difference in perceptual sal ience between transi tions preceding and following closure of intervocalic stops-- Repp, 1978.) The presence of a small context effect in vowel-fricative stimuli supports the hypothesis that perceptual coherence promotes context effects.2 Persuasive as these observations may be, we need to consider the possibility that the supposed vowel context effect in fricative-vowel stimuli was actually due to the formant transitions themselves acting as cues to place of articulation of the fricative.
Perhaps, the transi tions in [( t) u] were relatively more appropriate for [s] than those in [(t)a]. Fortunately, there is indirect evidence (presented in connection wi th~II of Mann & 1979a) that this was not the case Nevertheless , it seemed determine directly the relative contributions of formant transitions and quality to the context effect This was the purpo of II.
Our second ex had the pr the contributions of formant transitions (as cues) and vowel quality to the vowel context effect. To that end, it was necessary to vary these two factors independently. When using speech, one can never be sure that transitions in different vocalic (such as eta] and [tuJ) are equally appropriate (or equally neutral) for one or the other fricative place of articulation.
Therefore, tie decided to take the vocal ic portions from natural utterances of fricative-vowel and to combine them with our synthetic fricative noises.
In this way, we could assured that the formant transitions were indeed appropr iate for either [ ] , 1975) . However, recent studies by Whalen (1979) suggest that the transitions do contribute to the distinction once the noise cue is weakened or neutralized. Whalen used stimuli a fricative noise continuum similar to ours and followed them wi th or natural vocal ic portions containing transi tions ei ther more appropr iate for [J] or more appropriate for [sJo He demonstrated clear effects of the transitions; these effects were especially large in the caSe of natural vocalic portions, presumably because these natural signals ei ther contained additional cues to place of articulation or because the transi tions were given mor'e perceptual weight because of their naturalness.
Whalen also found an effect of vowel qual i ty that was largely independent of the transi tion effect 0 Thus, he anticipated the effects we hoped to find in the present study. However, his vowels varied from [i] to [u) ; they did not include [a] . To enable us to make a more direct comparison with our earlier studies, we replicated and extended Whalen's experiments using the vowels [a] and [uJ.
Experiment II extended Whalen's studies by including a condition in which the vocal ic portion and the fr i cati ve noi se were separated by an 87 -msec silent gap, which led to perception of fricative-stop-vowel syllables. Thus, we examined whether the transition and vowel quality effects show different amounts of reduction as a consequence of temporal separation.
We expected that the transitions would contribute to fricative perception only as long as they were interpreted as cues to fricative place of articulation; as soon as a stop consonant was heard, they would be understood as cues to place of articulation of the stop and lose their effect on the fricative.
Thus, we predicted that the transi tion effect--which really is not a, "context effect" at all, but a perceptual effect due to integration of cues for a given phonetic segment (cf. Repp, 1978;  Repp, Liberman on temporal separation might still be present at an reduced form (cfe Mann & Repp 197 Exp. II).
gap, al though in A significant differential effect of formant transi tions on fr perception when no silent gap intervenes would be sufficient evidence that the vocalic transitions following naturally produced [} J and [sJ noises are indeed different from each other, as one might expect from the different places of articulation of the two fricatives
We did not attempt to assess this difference directl y, since formant transitions are notoriousl y difficul t to measure in spectrograms.
we adduced two additional kinds of perceptual evidence
One was the place of articulation assigned to the consonants in the gap condition; we expected that natural [f J-transi tions, which reflect a relatively more posterior ace of articulation, would lead to more nk" (and fewer nt") responses than natural [sJ-transitions. In addition, we presented the isolated vocalic portions in a condi tion and asked the subjects to identify the ini tial stop consonant, if one was heard.
We expected to find a similar pattern of place-of-articulation ons here as in the gap condition.
One additional feature of Experiment II must be mentioned before we proceed to describe the method of this mul tifactorial study in more detail. In order to assure that our results ltlOuld not be specific to the tokens selected from natural utterances, we not only used multiple tokens but also two speakers, one male and one female.
Consequently, the vocalic portions that followed our synthetic fricatives reflected different vocal tract sizes and source characteristics. We wondered whether these differences (hereafter referred to collectively as the difference) would influence fricative perception in the no-gap condi tion, and whether this effect would persist in the gap condition That there are detectable acoustic differences between the fricative noises produced by males and has been shown Schwartz (1968) . The spectra of female [f] and [sJ noises are shifted on the frequency scale, relative to those produced by males, presumably because of differences in vocal tract size. We might ex that specific information conveyed by a vocalic portion would lead listeners to change their criteria in deciding on the preceding fricative, such that the [S J-[s] boundary on a synthetic noise continuum is shifted towards higher frequencies in the context of a female voice.
Indeed, precisely such a perceptual normal ization effect has been reported by May (1976) who followed synthetic fricative noises with synthetic vocalic portions whose formants were scaled upward or downward to simulate changes in vocal tract size. Our Experiment II was intended to confirm May's finding with natur vocalic portions.
We were particularly curious to see whether the effect, if obtained, would decline as a gap was inserted If it did, this would have some interesting implications for a theory of normalization.
In summary, then, this study examined the effects of orthogonal variations in three parameters--formant transi tions, vowel and characteristics--on fricative perception, as well as changes in each of these effects consequent upon introduction of a gap (and a stop consonant percept) between fricative and vowel.
Method
Subjects. The sUbjects in the main experiment were six volunteers a research assistant, and the two authors. Three additional subjects had to be el iminated because they had difficul ties in the gap condition. 3 Five new paid volunteers, the research assistant and the two authors listened to the isolated vocalic portions.
Stimuli. Two adults, one male and one female, both native speakers of American English, spoke the utterances [J , [J u] , [sa], [su] ten times in a random sequence that included several other utterance types. All utterances were recorded on magnetic tape in an anechoic chamber and subsequently digitized at 10kHz using the Haskins Laboratories Pulse Code Modulation (PCM) system.
Aided by our ears and by waveform displays, we selected three good tokens of each utterance for use in the experiment.
There were 24 stimuli altogether (2 speakers x 2 fricatives x 2 vowels x 3 tokens). Using the PCM computer programs, the fricative noises (defined as the signal portion preceding the first detectable pitch pulse in an oscillogram) were removed from all stimuli, and the digitized synthetic fricative noises from our ninemember continuum were substi tuted instead 4 This led to a total of 216 (9 x 24) stimuli--recorded in two completely random sequences with of 3 sec and a 6-sec lSI after each group of 24.
A second set of stimuli was constructed by inserting an 87 -msec period of silence between the synthetic fricative noises and the natural vocalic portions.
These stimuli were recorded in identical sequences.
A few changes were made in the synthetic fricative noises, designed to improve their naturalness.
In part, these changes were modelled after the natural fricative noises produced by the male speaker in our experiment. The spectral structure of the noises remained unchanged (see Table I in Mann & Repp, 1979a) . However, they were extended to 200 msec duration and received a new, presumably more realistic, amplitude contour. The contour was triangular: Amplitude increased over the first 150 msec and decreased over the final 50 msec.
To insure that all noises had approximately the same overall amplitude while retaining essentially the same amplitude contour, we specified equal amplitudes for all noises at the synthesis stage, digitized the resulting output that varied by about 12 dB ([f] < [s]) between the extremes of the noise continuum (a consequence of hardware constraints), and then adjusted the amplitudes of the digitized noises in eight 1-dB steps, which reduced the effective amplitude difference between the continuum endpoint stimuli to about 4 dB.5
The natural vocalic portions varied considerably in duration (300-500 msec) but were relatively homogeneous in amplitude. The [-a] portions were approximately equally intense for the two speakers. The [-u] portions of the female speaker were lower by about 5 dB; those of the male speaker, by only about 1 dB.
An additional stimulus tape was recorded containing five randomized sequences of these 24 isolated vocalic portions.
The amplitudes of the synthetic fricative noises were 13-21 dB below the natural vocalic portions, depending on the individual token. It was interesting to note that, for both of our speakers, the amplitudes of the natural [J] noises in the original utterances had been 8-11 dB higher than those of the [sJ noises; they had been an average of 8 and 17 dB, respectively, below the natural [-aJ portionse This difference directly contradicted the amplitude gradient buil t into the aVE IIIc synthesizer, which gave the [s] noise a higher intensity.
By (approximatel y) am pI i tude-equal izing our synthetic noises, as described above, we reached a reasonable compromisee Procedure.
Some subjects listened twice to the no-gap tape before listening twice to the gap tape in a separate session. Others were presented wi th the no-gap tape followed by the gap tape in each of two sessions.
A total of four responses to each individual stimulus was obtained from each sUbject, or twelve responses when ignoring token differences. The task in the no-gap condition was to identify the fricatives as "sh" or "s". In the gap condi tion, the following stop consonant (if heard) had to be identified as well; the relevant response choices were "p", "t", "k", or "-" (no stop), or whatever other stop-like sounds might be heard.
The tape with the isolated vocalic portions was presented to a partially different group of sUbj ects whose task was to identify the ini tial stop consonant (if heard); the suggested response choices were nb", nth" (for the ini tial sound in that), "d", "g", n_" (no stop), but the sUbjects were encouraged to write down any other consonantal sounds they heard. Listeners gave substantially more "sh" responses to fricative noises followed by [-aJ, or [JJ transitions, or a female voice, than to noises followed by [-uJ, or [sJ transitions, or a male voice. Expressed as overall differences, the transition effect was the largest (42 percent), followed by the vowel quality (25 percent) and speaker (22 percent) effects. All three effects were in the predicted direction and so strong that seven out of eight response functions (Fig. 2, left The transition effect was wi th [-uJ than wi th [ ,F( 1 S) 41. 7, .E < 001· this interaction \rJas more pronounced wi th the female voice than with the male, F(1,S) 6 9, .E < 05.
Results

Fricati ve
Consider now the resul ts of the gap condition, shown in the s of 2 and 3. As can be seen, all experimental effects were substantially reduced here. All response functions were close to at either end and had similar , with a major drop in "sh" responses between i 5 and 6 on the noise continuum, which is in accord with the identification of these noi;:ses in isolation (cf. 1a) • The decline in magni tUde consequent upon introduction of an S7-msec gap was significant for all three effects: vowel quality, There was no longer any interaction between the transition and vowel quality effectso It is ev ident from Figure 3 that token variation was small relative to the effects under investigation, even though some token differences appeared to be systematic and reliableo An analysis of variance with token variance as the error term yielded essentially the same resul ts as the earlier analysis (which used treatment-by-subject interactions as error terms) 0 A min F' analysis (Clark, 1973) , combining subject and token variability, again yielded similar results; in particular, the three main effects remained significant at the p < 0001 level in the no-gap condition and at the p < .01 level in the gap condItion.
-
Stop Consonant Identification.
Let us now examine how the vocalic formant transitions were perceived when they cued place of articulation of a stop consonant.
Consider first the results of the condition in which the isolated vocalic portions were presented for identification. Responses were obtained in each of the suggested categories: "b", "th" (as in that), "d", fig", and "-,, (no initial consonant heard). Three additional categories, "h", nyfl, and /15/ were contributed by two subjects, one of whom had had phonetic training o The latter responses constituted only 5 percent of the total, and since they designated relatively posterior places of articulation and exhibited a pattern similar to that of the more frequent fig" responses, they were combined wi th "g" responses for purposes of analysis. The percentages of responses in this enlarged "g" category are displayed in the left panel of Figure 4 , in a manner analogous to Figure 3 . The percentages in all response categories, averaged over tokens, are listed in the left half of Table 1. 0" -.
[sa]
[fa]
OR "-J "-J Figure 4 shows that the expected difference between [J] and [s] transitions was reflected in perception. Vocalic portions that had originally been preceded by [~] were more often perceived as beginning with a velar stop than vocalic portions that had originally been preceded by [s] . Thus, the formant transitions associated wi th the more posteriorly articulated fricative, [J), favored stop percepts with a posterior place of articulation.6 Conversely, Table 1 shows that [s] transitions received more tlb" and nth" responses than [J] transi tions, which again confirms our expectations, since [s] has a relatively anterior place of articulation.
Turning now to the identification of the same vocalic portions in the gap condition (ioe., when preceded by a fricative noise plus 87 msec of silence), we find much the same pattern with increased regularity. In the right panel of Figure 4 , we see that more "k" responses were given to [J] transitions than to [s] transitions, and that this difference was particularly pronounced for the male voice. (There were also somewhat more "k" responses in [-a] context than in [-u] context.) Token variability was large, and the rank orders of tokens were identical wi th those obtained in isolation, as can be seen by comparing the two panels of Figure 4 .
In the right half of Table 1 , we see that "p" and lit" responses (the "th" category, of course, was not appropriate for consonants following a fricative) were more frequent to [s] transi tions than to [JJ transitions, especially for the male speaker. Unexpectedly, there was a fair percentage of "no stop" responses in the gap condi tion, and these responses occurred primarily in [-uJ context, as they did also for isolated vocalic portions.
Discussion
The results of the no-gap condition demonstrate that the [}]-[s] distinction is affected both by the quality of the following vowel and by the vocalic formant transitions.
Our findings are in excellent agreement wi th those of Whalen (1979) , including the large size of the effects that was presumably due to increased perceptual weights of natural acoustic cues (contained in the vocalic portion) in relation to synthetic cues (fricative noise). Whalen showed that both effects are reduced in size in al stimuli"
His 9 and our, successful experimental dissociation of the vowel qual i ty effect from the transition effect reinforces our earlier conclusion that the "vowel context effect" obtained in Experiment I (and by Kunisaki & FUj isaki, Note 1; Mann & Repp, 1979a) was indeed pr imaril y due to vowel quality, even though the formant transitions had not been varied orthogonally.
Despite their paradigmatic similarity the vowel quality and formant transi tion effects are very different phenomena from a theoretical perspective. The formant transi tions are a consequence of the articulatory movements involved in producing the fricative consonant. Thus they consti tute a perceptual cue to fricative place of articulation; this cue is integrated with others (such as the fricative noise) into a unitary phonetic percept"
Vowel qual i ty 9 on the other hand, is neither a consequence of fricative production, nor a direct cue to fricative perception Rather, it is an independent factor that affects the production of the fricative, and this effect is somehow compensated for in perception. Thus, only the vowel quality effect is a true context effect; the transition effect is a manifestation of perceptual cue integration (cf. Repp, 1978; Repp et al., 1978) .
It was this theoretical distinction that led us to predict that the vowel quality and transition effects would be differentially affected by insertion of a silent gap between fricative noise and vocalic portion. We hypothesized that when the transitions are interpreted as cues to place of articulation of a stop consonant they would lose their effect on fricative perception.
The vowel quality effect, on the other hand, was expected to persist in reduced form, since this was the resul t obtained in earlier stud ies (Mann & Repp, 1979a) • These predictions were only partially confirmed. The vowel quality effect was indeed reduced, and the transi tion effect even more so. However, in addi tion to a diminished vowel qual i ty effect, a significant transi tion effect persisted in the gap condition. This effect cannot be accounted for by the fact that no stop consonants were heard on some trial s, despite the gap. For example, the sUbject wi th the largest transition effects in the gap condition always heard stops. This may have occurred because some cues that normally block were absent most notably the sive burst following the closure. After all i the stimuli in the gap condition derived from icativevowel utterances t not from fri utterances. Therefore, the nature of the acoustic cues may have t and the of an interv may haY possibil is that there is a following stop consonant, such that listeners [ follows and [J] when [kJ follows. However, this only less plausible on both perceptual and articulatory ev idence to the contrary· Mann and Repp (1 979b) found that [t] the of preced [fJ or [ in preci the Therefore, we for the first etation--that the because their in fricative-vowel utterances, of an words, the formant transitions contributed to the articulation of two fricative and the By demonstrating a strong differential effect of [IJ vs [sJ transitions on fricative perception, the present study provided strong evidence that these transitions were, in fact, different from each other.
To this indirect perceptual ev idence must be added the direct ev idence from stop consonant identification in and fr stimuli: [(] transitions were more often associated with a posterior (velar) place of stop articulation than [sJ transitions, and [s] transitions were more often associated with an anterior (labial or dental) place of stop articulation than [JJ transitions. Although these types of perceptual evidence cannot replace a traditional spectrographic analysis, they are more meaningful for two reasons: A large difference visible in spectrograms may have little perceptual importance, whereas a difference that is difficult to discern spectrographically may be perceptually significant.
Since degree of perceptual salience is the most interesting aspect of acoustic cues, direct and indirect perceptual evidence of the sort provided here answers the question about differences between [f] and [s] transitions in a theoretically more satisfying way than spectrographic measurements would.
The indirect method, especially, suggests itself as a powerful procedure for the perceptual assessment of coarticulatory effects in natural speech. We are in the process of exploiting it in several other contexts.
The perceptual assessment of the transitional cues revealed additional, unexpected differences that raise interesting questions. For example, it was found that the [j] transi tions of the male speaker led to many more "k" (or "gil) responses than those of the female speaker (see Figure 4 ). This suggests a difference between the two speakers in the way in which [1] was articulated. Moreover, within each speaker there seemed to be systematic variability between individual tokens of [J] and [sJ transitions, again indicating systematic articulatory variability.
Thus, the method of perceptual assessment of natural-speech cues may reveal hitherto unsuspected variation in (fricative) articulation that warrants further investigation.
1.
A final comment is necessary concerning the effect of speaker characteristics on fricative perception 0 We found that, in the no-gap condition, listeners gave substantially more "sh" responses to noises in context of the female voiceo This result confirms May (Note 4) and suggests that listeners compensate, or "normalize", for changes in fricative noise spectrum induced by differences in vocal tract size 0 The extent of the perceptual compensation seemed to be much larger than actual differences in fricative spectrum between male and female speakers (Schwartz, 1968 ) 0 A similar observation was made for the vowel context effect (Mann & Repp, 1979a) 0 Thus, listeners seem to overcompensate (or "hypernormalize") in perceptiono The most interesting finding, though, was that the speaker effect decreased substantially with introduction of an 87-msec gap. This finding has important theoretical implications: It indicates a divergence of perception and production 0
Effects of vocal tract size on fricative noise spectrum should be independent of the context in which the fricative occurs; however, perceptual compensation for such effects proves to be context-dependent.
It may be argued that the speaker effect on fricative perception was reduced in the gap condi tion because the fricative noise was perceptually dissociated from the vocalic portion, as if these two components did not belong to the same utterance.
Yet, this does not provide an explanation, it merely describes the possible phenomenological consequence of introducing a gap. The important implication of the resul t is that perceptual normalization effects are sensitive to local temporal properties of the speech signal. In this way they seem to be rather similar to perceptual effects of speaking rate (Summerfield, Note 3; Miller, in press). In each case the perceptual effects seem to operate only over a limited temporal region, suggesting the involvement of a rapidly decaying auditory memory or a sliding perceptual integrator with a time window of a few hundred milliseconds.
To summari ze: We have demonstrated that an effect of vowel quali ty on perception of a preceding fricative exists independently of effects due to the vocalic formant transitions (Exp. II), although formant transitions appear to be necessary to preserve the perceptual coherence of the utterance and thus enable vowel quality to have its perceptual effect (Exp. 1)0 We have provided three-fold evidence that the vocalic formant transitions following naturally produced [J] and [s] are different from each other in perceptually significant ways. Finally, we have shown that perception of fricative noises conforms to characteristics of the vocal tracts that listeners believe have produced those noises--and that this normalization effect, like the effects of vowel quality and formant transitions, is sensi ti ve to local temporal properties of the stimulus. 2The small size of the context effect in our vowel-fricative stimuli was probably due to the absolute position of the vocalic portion--preceding rather than following the fricative noise--and not to the absence of formant transitions. Kunisaki and Fujisaki (Note 1) apparently specified transitions in thei r ini tial vowel portions (cf. their Figure 7) , al though no detailed description was given & Nevertheless, their context effect was similar in magnitude to ours.
REFERENCE
Moreover, Bondarko (1969) mentions in passing that preceding vowels have a smaller coarticulatory effect on fricatives than followi ng vowels. More systematic spectrographic and articulatory data are needed on this issue, but Bondarko' s observation is entirely in accord wi th the general hypothesis (Mann & Repp, 1979a Repp, , 1979b ) that perceptual context effects reflect the listeners' implicit knowledge of articul dependencies. 30f these three subjects, one heard too many instances of [1] in the gap condition, as well as unusual following consonants, such as en] and [lJ. A second subject responded erratically to the fricative noises and heard many instances of [n]. The third subject heard no stop consonants at all (as in the no-gap condition) and showed a nearly random pattern of fricative responses. All three subjects, however, gave a regular pattern of results in the no-gap condition, similar to that exhibited by the other subjects. Their no-gap results were excluded to make possible a pure within-subject comparison of the no-gap and gap conditions. 4Due to a digitizing artifact which escaped our notice at the stage of stimulus construction, an unintended 12-msec interval of silence slipped in between fricative noise and vocalic portion in these stimuli. However, since this interval was not sufficient to lead to the perception of stop consonants, its presence was considered inconsequential. For expository reasons, we will continue to refer to this condition as the no-gap condition. 
